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ABSTRACT
Introduction Around 250 million children in low- income 
and middle- income countries are at risk of not fulfilling their 
developmental potential. There is a need to update syntheses 
investigating the effects of combined nutrition and stimulation 
interventions on children’s growth and development and 
identify intervention characteristics associated with positive 
effects.
Methods We did a systematic review to: (1) understand the 
effects of integrated nutrition and stimulation interventions 
versus (i) usual care and (ii) standalone nutrition or stimulation 
interventions, on the growth and development of children 
under five; (2) explore intervention characteristics (delivery 
strategies, behaviour change techniques, intensity and 
personnel) associated with positive effects. We searched eight 
databases for studies published from inception to 16 November 
2020. Eligible studies were randomised and non- randomised 
controlled trials of integrated nutrition and stimulation 
interventions examining growth and developmental outcomes. 
We performed meta- analyses for length- for- age/height- for- 
age, weight- for- age and weight- for- length/weight- for- height 
Z scores and cognitive, motor and language development 
scores, and subgroup analyses by intervention characteristics. 
We conducted random- effects metaregression to assess 
potential subgroup differences in outcomes by intervention 
characteristics.
Results Twenty trials were included in the meta- analysis. 
Pooled effect sizes showed significant benefits of integrated 
interventions on developmental outcomes compared with 
usual care and standalone nutrition interventions (I2 >75%) but 
not on growth outcomes. Moreover, integrated interventions 
have non- significant effects on developmental outcomes 
compared with standalone stimulation interventions. Integrated 
interventions showed greater effects on cognitive (p=0.039) 
and language (p=0.040) outcomes for undernourished 
children compared with adequately nourished children. The 
effects of integrated interventions on developmental outcomes 
did not differ by intervention characteristics.
Conclusion Integrated interventions have greater benefits 
for children’s development than usual care or standalone 
nutrition interventions, especially in settings with high levels 
of undernutrition. Future studies should use standardised 
reporting of implementation processes to identify intervention 
characteristics linked to positive effects.
BACKGROUND
An estimated 250 million children under 
5 years of age in low/middle- income countries 
(LMICs) are at risk of poor development due 
to poverty, undernutrition and inadequate 
Key questions
What is already known?
 ► Around 250 million children in low- income and 
middle- income countries are at risk of not meeting 
their full developmental potential.
 ► Previous systematic reviews have found strong ev-
idence that benefits from stimulation interventions 
are maintained when given in combination with nu-
trition interventions.
What are the new findings?
 ► Integrated nutrition and stimulation interventions do 
not have positive effects on growth outcomes when 
compared with usual care or standalone nutrition 
interventions.
 ► Integrated interventions have non- significant effects 
on developmental outcomes compared with stand-
alone stimulation interventions.
 ► Compared with usual care, integrated interventions 
have more positive effects on developmental out-
comes for undernourished children than on ade-
quately nourished children.
 ► We were unable to determine which characteristics 
of integrated interventions are associated with ben-
efits for developmental outcomes.
What do the new findings imply?
 ► Implementation of integrated nutrition and stimu-
lation interventions should be considered to benefit 
children’s development, especially in settings with 
high levels of child undernutrition.
 ► Future research should map the characteristics of 
integrated nutrition and stimulation interventions 
following standardised guidelines to enable compar-
isons and understand which intervention character-
istics influence effects.
 on A









ealth: first published as 10.1136/bm




2 Dulal S, et al. BMJ Global Health 2021;6:e003872. doi:10.1136/bmjgh-2020-003872
BMJ Global Health
stimulation.1 These have adverse physical and psychoso-
cial consequences that persist beyond childhood, perpet-
uating the intergenerational cycle of poverty.2 However, 
early exposure to nurturing care, including optimal 
nutrition and adequate stimulation (defined as ‘sensory 
information received from interactions with people and 
environmental variability that engages a young child’s 
attention and provides information’3) strongly influences 
children’s development, protects them from the negative 
effects of adversities, and increases their opportunity to 
thrive.1
Past research has primarily focused on understanding 
the effects of nutrition and stimulation interventions 
on children’s growth and development when imple-
mented separately. In a 2017 systematic review, Vaivada 
and colleagues investigated various nutrition- based 
approaches designed to improve child growth and devel-
opmental outcomes, including promotion of breast-
feeding, iron supplementation, multiple micronutrient 
supplementation, complementary feeding education, 
supplementary feeding and therapeutic foods for acute 
malnutrition.4 These interventions were found to signifi-
cantly improve growth, but their benefits for develop-
mental outcomes were limited.4 Another systematic 
review reported a small effect of prenatal (d=0.042) 
and postnatal (d=0.076) nutrition interventions on chil-
dren’s cognitive development.5 In contrast, stimulation 
interventions (n=21) were found to be more beneficial 
for cognitive (d=0.43) and language (d=0.47) develop-
ment than nutrition interventions (n=18, d=0.09) in 
children younger than 2 years.6 Furthermore, a recent 
review by Jeong et al7 found that stimulation- based inter-
ventions have considerably larger effects on cognitive 
(standardised mean difference [SMD]=0.41), motor 
(SMD=0.26), language (SMD=0.35) and socioemotional 
(SMD=0.24) development of children under 3 years in 
LMICs.
Recently, emphasis has been placed on implementing 
integrated nutrition and stimulation interventions as a 
more holistic approach to improving child growth and 
development and a more efficient use of resources.8 9 In 
2014, a systematic review by Grantham- McGregor et al10 
concluded that there was no significant loss of effect on 
nutrition or developmental outcomes in children aged 
under 5 years when combining stimulation and nutrition 
interventions compared with single interventions, but 
little evidence of a synergistic interaction for child devel-
opment. Meanwhile, two more recent systematic reviews 
and meta- analyses concluded that integrated interven-
tions produce greater effects on developmental outcomes 
than nutrition intervention alone.3 11 Several reviews 
have highlighted the need to identify characteristics of 
integrated interventions linked to positive effects.12–14 
Understanding the characteristics of integrated interven-
tions linked to benefits for child development is crucial 
to assist in the development of context- specific interven-
tions, maximise their quality and support scale up.6 7 12–14 
Aboud and Yousafzai examined the association between 
three intervention characteristics (delivery strategy, 
contact hours, behaviour change techniques [BCTs]) 
and children’s developmental outcomes for 21 stimula-
tion interventions.6 However, existing reviews have not 
quantified the effects of intervention characteristics for 
integrated nutrition and stimulation interventions on 
both growth and developmental outcomes.
To address this research gap, we aimed to (1) systemat-
ically identify integrated community- based nutrition and 
stimulation interventions to improve growth and devel-
opment among children under 5 years, and assess their 
quality; (2) describe the characteristics of these inter-
ventions using the Consolidated Advice on Reporting 
Early Childhood Development implementation research 
(CARE) framework15; (3) estimate, using meta- analyses, 
the effects of such integrated interventions on both 
growth and developmental outcomes among children 
under 5 years versus (i) usual care (referring to standard 
care or placebo) and (ii) standalone nutrition or stimula-
tion interventions; (4) discuss any variations in effect and 
how these might relate to intervention characteristics.
METHODS
We conducted this systematic review following the 2009 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analysis (PRISMA) statement (online supple-
mental table 1).16 The review protocol was preregistered 
in PROSPERO (CRD42019131739).
Search strategy
We first conducted a top- up search, adding to the search 
conducted by Grantham- McGregor et al10 for studies 
published between January 2013 and September 2019 in 
Medline, PsycINFO, Cumulative Index of Nursing and 
Allied Health Literature (CINAHL), Embase, Global 
Health CABI Direct, The Cochrane Library, Academic 
Search Complete and Web of Science (online supple-
mental figure 1). We then re- ran the search for studies 
published from inception until 16 November 2020. 
Online supplemental table 2 shows key terms used in the 
search strategy. We searched the reference list of studies 
selected for full- text review.
Inclusion and exclusion criteria
We included studies carried out with children under 
5 years and/or pregnant women. We included interven-
tions that had both nutrition (micronutrient, macronu-
trient, food supplementation, or nutrition education) 
and stimulation (parent education, individual parent 
counselling, responsive care, or play) interventions 
versus any comparison arm/s (usual care, standalone 
nutrition or stimulation interventions). To assess the 
effects of integrated interventions on both growth and 
developmental outcomes, we included only studies 
reporting both anthropometric measures (Z scores 
for either length- for- age/height- for- age [LAZ/HAZ], 
weight- for- age [WAZ] or weight- for- length/weight- for- 
height [WLZ/WHZ]) and child development (either 
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cognitive, motor or language development) outcomes. 
We included randomised controlled trials (RCTs) and 
non- randomised trials published in peer- reviewed jour-
nals and in English (see online supplemental table 3 for 
details).
Study selection and data extraction
Screening process
All citations were imported into EndNote V.X9 for 
screening. Titles and abstracts were screened independently 
by one reviewer (SD). Studies that did not meet the inclu-
sion criteria were excluded. Two reviewers (SD and DM) 
retrieved and independently assessed the full text of poten-
tially eligible studies. We resolved any disagreements over 
eligibility through discussion. Reasons for exclusions are 
reported using a PRISMA flow diagram.16
Data extraction
We used a standardised, prepiloted form to extract data 
on study characteristics. In addition, we extracted data 
related to intervention characteristics using the CARE 
guidelines to capture context, implementation strategy, 
intervention content, intensity, personnel, training and 
supervision, fidelity and compliance.15
Quality appraisal
We assessed the methodological quality of trials using 
the revised Cochrane for Risk of Bias 2 tool for RCTs 
and the Risk Of Bias in non- randomised studies of 
interventions tool for non- randomised trials.17 18 Four 
reviewers (SD, AP, NS and DM) assessed the quality of 
included studies in pairs and resolved any disagree-
ments through discussion.
Data synthesis and meta-analysis
Two reviewers (SD and SK) independently extracted 
data for the meta- analysis. In studies with more than one 
outcome measurement time- point, we selected the meas-
urement closest to the intervention’s completion date. 
One study had two control groups; we combined data 
from these groups to enable a single pairwise compar-
ison.19 One study reported fine and gross motor scores 
separately.20 We first calculated the means and standard 
deviations for fine and gross motor scores in each arm, 
then calculated a pooled ES for fine and gross motor 
scores for each arm. We sought additional information 
from the authors of nine studies where raw scores of 
growth or developmental outcomes were reported and 
received a response from three authors.
As studies used various measures of effect, we calcu-
lated Hedge’s g as the SMD between two groups of 
independent observations using the formula described 
by Higgins et al (2019).21 The ESs 0.2, 0.5 and 0.8 were 
considered ‘small’, ‘moderate’, and ‘large’ effects, 
respectively. We then synthesised quantitative data using 
pooled estimates and forest plots for each intervention 
type using random- effect models. We used random- effect 
models to adjust the study weights as heterogeneity was 
anticipated in the treatment effects due to variations in 
intervention context, content and intensity. Quantitative 
data were pooled and analysed together when at least two 
studies referred to similar interventions and outcomes.
We conducted two broad types of subgroup analyses. 
In the first, we examined the effects of integrated inter-
ventions vs usual care on outcomes according to the 
baseline nutritional status of children (undernourished 
and adequately nourished) and the components of nutri-
tion interventions. In the second, we examined effects 
by delivery strategies (individual, group or both), the 
number of BCTs used to deliver the intervention (cate-
gorised as <3 or ≥3), intervention intensity (duration of 
the entire intervention and the average number of inter-
actions per month) and personnel (professionals, para-
professionals, community volunteers, or volunteers and 
paraprofessionals together). All of these characteristics 
were prespecified in the review protocol. The propor-
tion of variation in ESs due to heterogeneity was assessed 
by using the I2 statistic, and values over 75% indicated 
a substantial level of heterogeneity.21 As an additional 
analysis not prespecified in the review protocol, we used 
random- effect metaregression to investigate subgroup 
differences in ESs.21 We did not test for subgroup differ-
ences if the overall ES was not significant. Publication bias 
was estimated using a funnel plot and the Egger test.21 All 
analyses were conducted in STATA V.16.1.
Patient and public involvement
Patients and the public were not involved in the design 
and conduct of this study.
RESULTS
Search results
The database search for studies published from incep-
tion to 16 November 2020 identified 28 554 records. 
After removing duplicates, 20 615 records were screened 
for titles and abstracts, which resulted in the exclusion of 
20 506 records. We reviewed full texts for the remaining 
109 studies. Of those, 25 studies met the inclusion criteria 
(figure 1 and online supplemental table 4). Four addi-
tional studies that met the inclusion criteria were also 
identified by a forward/backward reference search. Out 
of 29 studies, four were follow- up studies of controlled 
trials,22–25 and one was a process evaluation of the same 
intervention,26 resulting in 24 unique studies.
Risk-of-bias assessment
Online supplemental figure 2 is the visual presentation 
of the review authors’ judgement about the risk of bias 
domains for 24 unique trials: three trials were scored as 
low risk of bias,27–29 16 had some concerns,19 20 30–43 and 
five were scored as being at high risk of bias.44–48
Study characteristics
Study characteristics are presented in table 1. Fifteen 
studies were cluster RCTs,20 27–29 31 33 36 38–43 46 47 eight 
were individual RCTs,19 30 32 35 37 44 45 48 and one was a non- 
randomised trial.34 Trials were conducted between 1978 
and 2020 in 11 countries: Bangladesh (7), Jamaica (3), 
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Colombia (3), Uganda (2), Indonesia (2), Zambia, South 
Africa, Pakistan, Chile, India (2) and Madagascar. Sample 
sizes ranged from 110 to 3738 children, and all children 
were enrolled before 3 years of age, except in two studies 
where children up to 5 years were enrolled.37 48 Eleven of 
24 trials tested interventions for children with poor nutri-
tional status19 28 30–35 37 45 46 and four targeted children 
from the poorest population.20 36 42 44 The remaining trials 
were conducted in resource- limited rural27 29 38–41 43 47 or 
urban48 settings.
The components of nutrition intervention included nutri-
tion education (n=8),27–29 31 38 39 41 43 macronutrient supple-
mentation (with/without education) (n=6),19 33 42 44 45 48 
single or multiple micronutrient supplementation (with/
without education) (n=8)20 32 34–36 40 46 47 and both macro-
nutrient and micronutrient supplementation (n=2).30 37 
In seven trials, stimulation was a new component inte-
grated into existing nutritional services.20 28 31 33 34 40 47 In 
two trials, the existing nutrition services were strength-
ened by adding new components such as micronutrient 
supplementation, new educational messages, enhancing 
health workers’ counselling skills40 or intensive nutri-
tional counselling services.20
Most stimulation interventions aimed to improve 
mother–child interactions by sharing information or 
teaching mothers/caregivers to communicate and play 
with their child. In 10 trials, the stimulation content 
was based on the Jamaican Reach up Programme,45 
adapted to fit the local context.19 20 28 29 31–33 45–47 Two trials 
adapted the Care for Child Development curriculum by 
the World Health Organization and the United Nations 
Children’s Fund,49 which included play and communica-
tion activities between a mother and a child.27 40 Other 
trials focused on responsive parenting, including feeding 
and play activities30 34–36 38 39 41–44 48 and pre- school educa-
tion.37 In addition to childcare, messages on maternal 
well- being, hygiene and sanitation were also imparted in 
three trials.39 41 43 Only four trials explicitly mentioned 
their intervention/manual being guided by a theory 
of change or social learning theory/social cognitive 
learning theory.20 39 41 43
In 12 trials, the comparison group received existing 
standard care,19 20 28 29 31 33 34 36 38–40 43 three trials provided 
placebo32 37 48 and six trials employed diverse activities 
including monitoring growth, health and feeding prac-
tices,27 35 46 medical visits,45 47 and pre- school construc-
tion.41 Three trials did not provide details about the 
comparison group.30 42 44
All trials used standard scales to measure developmental 
outcomes: 15 used the Bayley Scales of Infant Develop-
ment (II and III),19 28 29 33–36 38–43 46 47 four used the Grif-
fiths Mental Development Scale.31 32 44 45 Others used the 
INTERGROWTH- 21st Neurodevelopment assessment 
tool,27 the Ages and Stages Questionnaire-3 (ASQ-3) and 
the Weschler Preschool and Primary Scale of Intelligence 
-IV,48 the Kaufman’s Assessment Battery for Children 
II37 or the ASQ-1.20 When obtained, measurements for 
height and weight were reported as Z scores, except in 
five trials which reported raw height and weight.31 38 44 47 48
Implementation characteristics of integrated interventions
We summarised the implementation characteristics of 
interventions in table 2 (see online supplemental table 
5 for details).
Delivery strategy: In 13 of 24 trials, interventions 
were delivered individually to participants, either at 
home20 31 32 35 38 44–47 or at a community centre or health 
clinic or preschool.19 30 37 48 Three trials tested group 
sessions in the community36 42 or a clinic,28 and seven 
trials combined both individual (home visit) and group 
sessions.27 33 34 39–41 43 One trial used both home visits and 
group sessions in two separate trial arms.29
BCTs: Three or more BCTs were used in 16 
trials,19 28 29 31 33–36 38–43 45 47 while only eight trials used one 
or two BCTs.20 27 30 32 37 44 46 48 The most widely used BCTs 
in all trials were information sharing and demonstra-
tion of play and communication activities to caregivers. 
Problem- solving strategies were employed in eight trials; 
these included identifying parenting issues, barriers to 
change, or problems with feeding and discussion of solu-
tions.20 31 35 36 39–41 43 Materials such as low- cost local or 
homemade toys and picture books were used in all but 
nine trials to facilitate caregivers practising play activities 
with their children.20 27 30 35–37 39 41 44 Social support was 
Figure 1 Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses flow diagram describing the process of 
articles selection
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provided to mothers in only three trials so they could 
replicate play activities with their spouses and peers.29 40 41 
Eight trials used media such as written instructions, illus-
trative cards, activity booklets with prompts, and behaviour 
change cues.28 29 35 36 39 41 42 47
Intensity: In 11 trials, the duration of intervention 
was less than 12 months.19 30 34 36 37 39 41–43 46 48 Twelve 
trials tested interventions that lasted for 12 months or 
more.20 27–29 31–33 35 38 40 45 47 We calculated the average 
number of intended contact sessions (individual, group 
or both) per month (table 2). Out of 24 trials, the least 
intensive interventions involved monthly group sessions 
lasting 1 hour and 20 min, along with 30 min individual 
sessions at participants’ homes for 33 months.40 The most 
intensive intervention involved individual sessions at a 
community centre for 5 days per week, lasting for 6 hours 
a day over 9 months.30
Delivery personnel: Most interventions (n=10) were 
delivered by paraprofessionals who were specially trained 
to provide health services, had 8–12 years of education 
and were paid.19 20 29 31 32 34 37 40 42 45 Seven trials tested 
interventions delivered by trained community volunteers 
(women from local communities).33 36 38 41 43 46 47 In four 
trials, interventions were delivered by professionals with 
relevant degrees, including psychologists,48 teachers,30 
professional educators,35 and health assistants.28 Two 
trials included both volunteers and paraprofessionals.27 39
Pooled ESS on growth and developmental outcomes
A total of 24 trials met the review’s inclusion criteria. Of 
these, 20 trials with 16 568 participants were included 
in the meta- analysis.19 20 27–34 36 38–43 45–47 We were unable 
to calculate ES for both growth and developmental 
outcomes for the four remaining trials due to insuffi-
cient/incompatible information such as reporting raw 
scores.35 37 44 48 Seventeen trials tested integrated inter-
ventions vs usual care.19 20 27–30 32 36 38–43 45–47 One trial 
had two arms with integrated interventions delivered 
using two different modes.29 Thirteen and eight trials, 
respectively, compared integrated versus standalone 
nutrition19 20 29 31–34 38 40 42 45–47 and stimulation inter-
ventions.19 32 36 40 42 45–47 Five trials examined synergistic 
interactions between nutrition and stimulation interven-
tions.19 32 40 45 47
Integrated interventions versus usual care
Compared with usual care, integrated nutrition and stim-
ulation interventions had a moderate positive effect on 
children’s cognitive (n=17, ES 0.53, 95% CI 0.30, 0.75, 
I2=96%, p<0.001), motor (n=14, ES 0.30,95% CI0.08, 
0.51,I2=94%,p<0.001) and language (n=13, ES 0.42, 
95% CI 0.16, 0.68, I2=96%, p<0.001) outcomes (online 
supplemental figure 3). We found non- significant effects 
of integrated interventions on growth outcomes. We 
conducted a sensitivity analysis excluding three trials with 
a high risk of bias, and found similar ESs, with high heter-
ogeneity.
In order to explore possible reasons for the heteroge-
neity of intervention effects on developmental outcomes, 
we performed subgroup analyses by (1) baseline nutri-
tional status of children and (2) components of nutri-
tion intervention (online supplemental figure 4). In the 
subgroup analyses stratifying studies by nutritional status, 
heterogeneity within each subgroup remained high 
and significant (I2 >75%, p<0.001). The ESs for cogni-
tive (mean ES diff=0.49, 95% CI 0.03, 0.96, p=0.039) and 
language (mean ES diff=0.63, 95% CI 0.03, 1.23, p=0.040) 
outcomes were significantly greater among undernour-
ished children compared with adequately nourished chil-
dren. The effect on motor outcome was non- significant 
for the undernourished group. When disaggregating 
by three components of nutrition intervention, ES for 
macronutrient supplementation (with/without educa-
tion) and stimulation interventions had a positive effect 
on cognitive (n=3, ES 0.77, 95% CI 0.24, 1.30, I2=83%, 
p=0.003) and motor (n=3, ES 0.32, 95% CI 0.01, 0.63, 
I2=53%, p=0.119) but not on language outcomes. Single 
or multiple micronutrient supplementation (with/
without education) and stimulation interventions had 
a moderate effect on cognitive (n=5, ES 0.24, 95% CI 
0.04, 0.44, I2=83%, p<0.001) and language (n=5, ES 
0.26, 95% CI 0.004, 0.51, I2=90%, p<0.001) but not on 
motor outcomes. Nutrition education and stimulation 
interventions showed positive effects on all develop-
mental outcomes (6–8 studies; ES range: 0.40 to 0.59, I2 
>75%). The subgroup differences in any developmental 
outcomes by nutrition components were not significant.
Funnel plots (online supplemental figure 5) suggest that 
publication bias is unlikely for both growth and develop-
mental outcomes, as ESs from the published studies were 
roughly equally distributed around the mean, indicating 
a low risk of bias towards the larger ES. The Egger test 
provided no evidence of any publication bias on cogni-
tive (p=0.205), motor (p=0.907), language (p=0.949), 
LAZ/HAZ (p=0.635), and WLZ/WHZ (p=0.128) scores. 
However, there was a slight indication of publication bias 
in reporting of WAZ (p=0.024) score.
Integrated interventions versus single interventions
Figures 2 and 3 include forest plots describing the effects 
of integrated interventions versus standalone nutrition 
and stimulation interventions on growth and develop-
mental outcomes. Compared with the nutrition inter-
vention only group, the pooled effect for the integrated 
interventions group indicated moderate effects for cogni-
tive (n=14, ES 0.31, 95% CI 0.19 to 0.42, I2=72%, p<0.001) 
and language (n=9, ES 0.24, 95% CI 0.09 to 0.40, I2=82%, 
p=<0.001) outcomes, small effects for motor outcome 
(n=14, ES 0.07, 95% CI 0.008 to 0.14, I2=20%, p=0.240); 
non- significant effects on WAZ (n=6, ES 0.09, 95% CI 
−0.06 to 0.23, I2=58%, p=0.037), WLZ/WHZ (n=6, ES 
0.03, 95% CI −0.05 to 0.10, I2=0, p=0.669) scores and no 
effect on LAZ/HAZ score.
In contrast, in comparison to the stimulation inter-
vention only group, the integrated interventions group 
 on A









ealth: first published as 10.1136/bm




12 Dulal S, et al. BMJ Global Health 2021;6:e003872. doi:10.1136/bmjgh-2020-003872
BMJ Global Health
showed non- significant effects on cognitive (n=7, ES 0.18, 
95% CI −0.09 to 0.45, I2=86%, p<0.001), motor (n=7, ES 
0.19, 95% CI −0.03 to 0.42, I2=79%, p=<0.001), language 
(n=6, ES 0.06, 95% CI −0.33 to 0.45, I2=92%, p<0.001), 
WAZ (n=4, ES 0.02, 95% CI −0.09 to 0.14, I2=0, p=0.780) 
and WLZ/WHZ (n=4, ES 0.06, 95% CI −0.06 to 0.19, I2=0, 
p=0.911) scores and no effect on LAZ/HAZ score.
Subgroup analyses of pooled ESs by intervention 
characteristics
Online supplemental table 6 describes the results of 
subgroup analyses of integrated interventions versus 
usual care, by four intervention characteristics: delivery 
strategy, number of BCTs, intervention intensity and 
personnel delivering the intervention. Online supple-
mental table 6 also includes p values corresponding 
to the test of subgroup differences for developmental 
outcomes. We did not conduct a test of subgroup differ-
ences for any growth outcomes because overall ESs were 
not significant.
Delivery strategy: Integrated interventions that 
included both home visits and group sessions had a posi-
tive effect on all developmental outcomes (3–5 studies; 
ES range: 0.35 to 0.48). Similarly, integrated interven-
tions with individual visits were found to have a signifi-
cant positive effect on cognitive (n=9, ES 0.40, 95% CI 
0.21 to 0.59) and language (n=5, ES 0.20, 95% CI 0.03 
to 0.37) but not motor outcomes. Group sessions alone 
had non- significant effects on developmental outcomes 
(3 to 4 studies; ES range: 0.55 to 0.92). There were no 
subgroup differences in any developmental outcomes. 
Heterogeneity remained high and significant.
BCTs: Interventions incorporating three or more BCTs 
had a positive effect on all three developmental outcomes 
(10–12 studies; ES range: 0.38 to 0.62). The pooled effect 
of interventions using less than three BCTs was moderate 
for cognitive outcome (n=5, ES 0.27, 95% CI 0.03 to 0.50) 
and not significant for motor and language outcomes. 
The subgroup differences in ESs were not significant. 
Heterogeneity was high and significant for all develop-
mental outcomes.
Intensity:The interventions with a duration of ≥12 
months and ≥4 average sessions per month had a positive 
effect on all developmental outcomes (7–10 studies; ES 
range: 0.15 to 0.53). Similarly, interventions with a dura-
tion of <12 months had a significant positive effect on 
cognitive and motor (7 and 4 studies; ESs 0.52 and 0.35, 
respectively) but not on language outcomes. Interven-
tions with <4 average sessions per month had a significant 
positive effect on cognitive outcomes only (n=7, ES 0.58, 
95% CI 0.12, 1.05). There were no significant subgroup 
differences in ESs. Heterogeneity was observed for all 
developmental outcomes and was significant.
Personnel: Interventions delivered by paraprofessionals 
had positive effects for all developmental outcomes 
(7–8 studies; ES range: 0.18 to 0.44). Similarly, interven-
tions delivered by community volunteers had positive 
effects for all three developmental outcomes (4–5; ES 
range: 0.13 to 0.34). The pooled effect for the cogni-
tive outcome was positive for interventions delivered by 
professionals only and was not significant when delivered 
by both volunteers and paraprofessionals together. The 
ES was significantly greater for interventions delivered by 
professionals for cognitive outcome (mean ES diff=0.99, 
95% CI 0.38 to 1.59, p=0.004) compared with paraprofes-
sionals. Significant heterogeneity was observed.
DISCUSSION
This systematic review and meta- analysis assessed the 
effects of integrated nutrition and stimulation inter-
ventions on both growth and developmental outcomes 
in children under 5 years, first overall, and then consid-
ering four intervention characteristics, including delivery 
strategy, BCTs, intensity and personnel. Our findings 
suggest that, in LMICs, integrated interventions tested 
to date produced better results in cognitive, motor, 
and language outcomes than usual care or standalone 
Figure 2 Effects of integrated nutrition and stimulation 
interventions versus standalone nutrition interventions on 
each outcome. Note: the size of squares is proportional to 
the analytical weights.
Figure 3 Effects of integrated nutrition and stimulation 
interventions versus standalone stimulation interventions on 
each outcome. Note: the size of squares is proportional to 
the analytical weights.
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nutrition interventions, but they had no effects on growth 
outcomes. The effects of integrated interventions on 
developmental outcomes were non- significant compared 
with standalone stimulation interventions. These find-
ings are consistent with previous systematic reviews that 
have highlighted that the effect of integrated nutri-
tion and stimulation interventions on developmental 
outcomes is greater than those of standalone nutrition 
interventions.3 10 11 We observed considerable heteroge-
neity in effects on developmental outcomes, which could 
not be fully elucidated through subgroup analyses. The 
greatest benefits of integrated interventions accrue to 
undernourished children, which echoes findings from a 
study in Bangladesh that showed significant benefits of 
stimulation intervention among undernourished chil-
dren.33 Lastly, there were no negative consequences of 
integrated interventions on children’s nutritional or 
developmental outcomes.
Existing evidence suggests that interventions providing 
both macronutrients and micronutrients supplementa-
tion have the largest effects on LAZ/HAZ score,11 but 
interventions providing only single or multiple micro-
nutrient or nutrition education alone tend to have only 
small or no effects.50 51 In our review, only two integrated 
interventions provided children with a known effective 
strategy, that is, both macronutrients and micronutri-
ents supplementation,30 37 which might explain the lack 
of significant effects on LAZ/HAZ score. Further, nine 
out of 20 trials in the meta- analysis were conducted in 
food insecure settings with high baseline levels of child 
undernutrition, and in which supplementation, health 
service strengthening and nutrition- sensitive actions 
would be required for any substantial gains in any growth 
outcomes.51 52
We observed large heterogeneity of effects on all three 
developmental outcomes, as well as, in the interven-
tion context, nutrition components and their charac-
teristics, which makes the interpretation of the findings 
challenging. This substantial heterogeneity was high-
lighted by the authors of a previous review10 and a recent 
meta- analysis,7 emphasising the diversity in the field of 
early childhood interventions in general. In our review, 
heterogeneity remained significant in all subgroup anal-
yses except in one analysis by nutrition components, 
which only included three studies. Participant character-
istics may be a potential source of heterogeneity. We did 
not conduct subgroup analyses by child’s age because the 
age at enrolment and assessment varied greatly, and the 
latter was not reported in all studies. While three trials 
were deemed to have a low risk of bias, most trials did not 
adequately report allocation concealment, blinding, and 
there were concerns about selective outcome reporting. 
Removal of the three trials included in the meta- analysis 
with the highest risk of bias45–47 did not reduce the hetero-
geneity, suggesting ESs may not have been influenced by 
trials’ quality.
We sought to understand how four key intervention 
characteristics (delivery strategy, BCTs, intensity and 
personnel) might be associated with effects. There were 
no marked differences in ESs by delivery strategy. In 
2015, a systematic review found that stimulation deliv-
ered through group sessions with some home visits by 
dedicated paraprofessionals had a moderate effect (n=7, 
ES 0.59, 95% CI 0.50 to 0.68) on children’s cognitive 
score.6 The advantages of using combined home visits 
and group session strategies compared with home visiting 
alone are that interventions are less labour intensive, may 
reduce contact hours, encourage peer support and have 
a potential to modify the norms for caregiving practices.6 
However, the feasibility of combining home visiting and 
group- based strategies to deliver integrated interventions 
requires further investigation.
When considering BCTs, Aboud and Yousafzai 
suggested that interventions with more than two BCTs, 
particularly media for information sharing (posters, 
cards or brochures), problem- solving strategies and 
performances (demonstration and practice of play 
and communication), are effective in improving devel-
opmental outcomes.6 However, most studies included 
did not report whether or how they used theory in the 
development of interventions and the selection of BCTs. 
Theoretical foundations encourage rigorous inter-
vention design, elucidating the proposed mechanisms 
through which an intervention is hypothesised to change 
behaviour.53 Further prioritisation of theory- informed 
BCTs could facilitate efforts to enhance and scale- up 
effective integrated interventions.54
We did not find subgroup differences in ESs by inter-
vention intensity, which resonates with findings from 
Aboud and Yousafzai, who did not find any association 
between developmental outcomes and contact hours.6 
Other studies suggest that high- intensity interventions 
are likely to have positive effects on developmental 
outcomes. For example, Powell and Grantham- McGregor 
found that children who received stimulation through 
weekly visits had better outcomes than those who had 
fortnightly visits.55 Similarly, in Bolivia and Philippines, 
effects on child development were stronger for children 
exposed to the interventions for longer (seven or more 
and at least 17 months, respectively).56 57 The robustness 
of these findings concerning intervention characteristics 
should be explored in future studies using alternative 
cut- off points.
We found little evidence of differences in cognitive 
outcome by the type of personnel delivering the inter-
ventions. However, as only two interventions were deliv-
ered by professionals, this finding is inconclusive. The 
existing evidence highlights that delivery of maternal 
and child health interventions by paraprofessionals such 
as Community Health Workers (CHWs) is often effective 
in LMICs.58 Two trials that tested integrating stimulation 
interventions into existing nutrition services reported 
promising results.28 40 However, CHWs’ existing work 
burden must be considered when integrating interven-
tions within existing services. For instance, a study in 
Brazil found that turnover was higher among CHWs in 
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a parenting programme due to increased workload.59 
Alternative strategies, such as increasing the number 
of existing CHWs or creating a new cadre of staff, can 
be considered. Moreover, the knowledge and skills of 
personnel, supervision support and their relationships 
with caregivers and children are critical for a successful 
intervention, yet these aspects are often inadequately 
reported.13 60 61 Further efforts are needed to assess 
competency gaps among personnel delivering integrated 
interventions and map the adequacy and continuity of 
their training and supervision.
Our review has several limitations. We included studies 
published in peer- reviewed journals and in English only. 
Therefore, our search might not have captured all poten-
tially relevant studies with negative results. Similarly, we 
could not use all studies with growth outcomes because 
they were not extractable (11 studies); this reduced the 
power of our analyses. However, we did not observe any 
indication of publication bias in funnel plots and Egger 
tests for any outcome except WAZ. Given the effect on the 
WAZ score was not significant, the risk of reporting bias 
appears to be low. To further reduce potential reporting 
bias, we contacted nine authors where data were not 
extractable and received data from three authors. We did 
not include studies that reported only growth or devel-
opmental outcomes, but only two studies were excluded 
based on this criterion.62 63 We did not report effects on 
socioemotional development, a critical aspect of child 
development, as only three studies reported socioemo-
tional outcome and did so differently.20 29 43 Although 
we explored possible sources of heterogeneity by study- 
level characteristics, there were still notable differences 
that could not be accounted for, such as participants’ age 
at enrolment/assessment, intervention characteristics 
(curriculum components, training and supervision of 
personnel, and participants’ adherence to the interven-
tion). Moreover, we conducted many subtests (n=30) with 
a small number of studies in each subgroup to explore 
intervention characteristics related to the outcome 
effects, which increased the risk of Type I error. It is also 
possible that some of our analyses were underpowered 
and with insufficient precision to guide decision- making. 
While the integrated interventions had a greater effect 
on cognitive and language outcomes in undernourished 
children than in adequately nourished children, there 
was significant unexplained heterogeneity within these 
groups. Therefore, these findings should be interpreted 
cautiously as individual trial results are inconsistent. 
Finally, none of the trials included in the review reported 
characteristics of integrated interventions using standard 
guidelines uniformly, except one,26 40 making it chal-
lenging to map the intervention components accurately.
Integrated interventions can be considered as part 
of a comprehensive set of actions to improve nurturing 
care, even if they do not yield improvements in growth 
on their own within the limited timescale of most trials. 
The high heterogeneity found among trials emphasises 
the need for additional studies to assess the effectiveness 
of integrated interventions, such as follow- up studies 
of trials to examine the sustainability of effects, as well 
as process evaluations and implementation research to 
investigate barriers and enablers to implementation 
and positive effects. Moreover, there is a need for cost- 
effectiveness evaluations to identify the most effective 
integrated intervention strategies for scale up. Finally, 
few studies have reported intervention characteristics 
in a standardised manner; this needs to be improved to 
strengthen the evidence base.
CONCLUSIONS
Our findings confirm that integrated nutrition and stim-
ulation interventions have positive but not synergistic 
effects on developmental outcomes when compared 
with standalone nutrition and stimulation interventions. 
We were unable to determine which component of the 
integrated interventions was associated with significant 
positive ES for developmental outcomes. Our findings 
suggest that programme developers and policy- makers 
should consider integrated interventions and support 
implementation research to better understand which 
interventions characteristics lead to positive outcomes 
and inform scale up.
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